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ABSTRACT 
 
The treatment of impacted third molars that have neither symptoms nor disease is 
controversial. One school of thought is that these teeth should be extracted before they do 
become symptomatic and/or diseased. A second school of thought advocates retaining 
these teeth until such time when they show evidence of developing symptoms or disease. 
The purpose of this review is to present the reasoning behind the two opposing schools of 
thought. Studies involving both the risks and the benefits of extracting and retaining 
asymptomatic, disease-free third molars were examined. There are studies to support the 
proponents of each school of thought. Proponents of removal are of the belief that many 
asymptomatic and disease-free impacted third molars eventually do become symptomatic 
and/or diseased, and do so when the patient is older. The morbidity and incidence of 
complications common to the procedure increase with age, and therefore proponents of 
removal prefer that surgery be performed at a younger age when the complications are 
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less likely to be as severe or permanent. Those in support of retaining and monitoring 
these teeth are of the opinion that the status of these asymptomatic and disease-free 
impacted third molars may never change and therefore never require surgical 
intervention. They believe the increased complication rate and morbidity experience by 
some of the older surgical patients do not justify the routine removal of all asymptomatic, 
disease-free impacted third molars at an early age. Both groups recognize that when 
surgical intervention is employed, complications such as pain, swelling, alveolar osteitis, 
periodontal problems, temporomandibular joint disorders, nerve involvement, sinus 
communication, and financial stress are not uncommon. 
Ultimately, the clinician must consider the information presented in this review, 
and combine it with his/her academic knowledge and personal clinical experience to 
inform the patient of the risks and benefits of both treatment options. That way, the 
clinician and the patient together can decide the strategy for management of an 
asymptomatic, disease-free third molar. 
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 INTRODUCTION 
 
Oral and maxillofacial surgeons perform the surgical extraction of impacted third 
molars (M3s) more frequently than they perform any other procedure (Almendros-
Marques et al, 2008). Many of these extractions are considered to be prophylactic, in 
order to prevent a pathological condition from developing. Despite the fact that this 
surgery is so common in the United States, the prophylactic removal of asymptomatic, 
disease-free third molars is a controversial issue. 
If developed, third molars, more commonly known as “wisdom teeth”, are located 
at the very back of the adult mouth in both the upper and lower jaws. Approximately 90% 
of young adults develop at least one third molar (Kruger, Thomson, & Konthasinghe, 
2001), but agenesis, a condition where no third molar develops is possible (Hattab et al, 
2001). Most adults have four wisdom teeth, one in each quadrant of the mouth. The 
prevalence of M3s in young adults had been reported to be 73-77% for 4 M3s, 9-12% for 
3 M3s, 8-11% for 2 M3s, and 3-4% for 1 M3 (Hattab et al, 1995). Typically, in patients 
whose third molars do develop, the teeth erupt between seventeen and twenty-one years 
of age, but the roots are not fully formed until eighteen to twenty-five years of age (Kim 
et al, 2003). Interferences with the normal growth pattern result in what is commonly 
referred to as an impacted tooth. No matter how much time is allotted for growth, an 
impacted tooth will never fully erupt into a normal position because spatial restrictions 
inhibit it from doing so. Third molars have the greatest incidence of impaction of all teeth 
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(Mercier & Precious, 1992) because at the time they develop, the retromolar space behind 
the second molar is insufficient to accommodate the size of a typical third molar. In the 
published literature, the estimated prevalence of impacted M3s is broad. The variation 
can most likely be attributed to differences in the method of recording data. Some studies, 
like Kruger et al (2001) report the percent of patients with erupted M3s (15-20%), while 
others report the percent of patients with at least one impacted M3 (33-36%) (Hattab et 
al, 1995; Celikogle et al, 2010). Also, some studies represent incidence as a percent of the 
number of patients with at least one impacted M3, while other studies represent incidence 
as a percent of the number of impacted third molars.  
An impacted third molar fails to erupt into a functional occlusion either because 
there is not enough space in the jawbone, or because the tooth grows at an angle that 
results in impedance by the adjacent second molar, or in the case of lower M3s, the 
ventral portion of the lower jawbone (Animated Tooth by WMDS, n.d.) Impacted third 
molars can be described by their angle of growth (mesioangular, distoangular, horizontal, 
and vertical) and their degree of impaction (full bony, partial bony, and soft-tissue) 
(Figure 1). A mesioangular impacted M3 tilts forward towards the front of the mouth 
while a distoangular impacted M3 tilts backwards towards the jaw joint. Third molars 
that are horizontally impacted lay on their side while those that are vertically impacted 
have a relatively normal orientation (Almendros-Marques et al, 2007).  
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A.  B.  
C.  D.  
Figure 1. Angulations of Impacted M3s. A) Mesioangular B) Distoangular  
C) Horizontal D) Vertical.  
 
Figure adapted from Animated Teeth by WMDS, Inc, (n.d.). 
 
 
 
The degree to which a third molar erupts differs from person-to-person and may 
even differ amongst M3s within the same mouth. Therefore, in order to understand the 
overall position of a third molar, it is necessary to describe the tooth’s degree of 
impaction in addition to its angular position. In terms of impaction status, third molars 
present in three ways: A) a full bony impaction is a tooth which is completely encased in 
bone. B) a partial bony impaction is one whose crown is only partially encased in bone. 
This partially encased crown may or may not be covered with gingival tissue. C) A soft-
tissue impaction is one in which the crown is not encased in any bone, but is covered 
partially or completely by gingival tissue (Kruger, Thomson, & Konthasinghe, 2001). 
Figure 2 depicts the positions of the third molar in the jawbone for full bony, partial 
bony, and soft-tissue impactions respectively. 
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A.    B.   
C.  
Figure 2. Possible degrees of impaction for M3s. A) bony impaction, B) partial bony impaction, 
C) soft-tissue impaction. Note: Although vertically positioned teeth are used to show the degree of 
impaction, it is important to understand that mesially, distally, and horizontally positioned third 
molars can also experience different degrees of impaction.  
Figure adapted from Animated Teeth by WMDS, Inc, (n.d.). 
 
Third molars can make managing proper hygiene difficult because of their 
relatively inaccessible anatomic location at the back of the mouth. If cariogenic bacteria 
cannot be removed from this area, their metabolic products may cause dental caries in the 
teeth (Marciani, 2012). Impacted third molars are especially prone to pathologic 
conditions like tooth decay and gum disease; especially if they only partially erupt into 
the mouth (Stathopoulos et al, 2011). This condition creates an opening, through which 
bacteria from the oral cavity are able to travel and accumulate subgingivally, making 
hygiene even more difficult, where conditions are much more anaerobic. This new 
environment is favorable for the colonization of the pathogens of the anaerobic and 
aerobic variety (Phillips & White, 2012). Thus, the human immune system produces 
inflammatory mediators in response to the unwelcomed bacteria, which in turn results in 
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periodontal pathology that is clinically evident (Phillips & White, 2012). This 
pathological condition is called pericoronitis and is most often associated with partially 
impacted third molars (The Free Dictionary by Farlex, n.d.). A study by Cabbar et al 
(2008) demonstrated that all impacted third molars, not just partially impacted M3s, are 
prone to pathologic conditions because the epithelial tissue of a third molar’s dental 
follicle has a high potential for cellular proliferation. The dental follicle is the tissue sac 
containing the developing tooth (Figure 3) (Stem Cell Universe by Padraig, 2012). This 
follicle has the potential to develop into a cyst, which could destroy adjacent bone and 
become infected. These pathologic conditions are less likely to occur when teeth are fully 
erupted (Cabbar et al, 2008). 
 
 
Figure 3. Dental follicle containing developing tooth. 
Figure taken from Stem Cell Universe by Padraig, (May 1, 2012). 
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INDICATIONS OF DISEASE 
Many of the pathologic conditions affecting impacted third molars can be 
detected by clinical or radiographic examination. Obvious clinical signs of disease 
include caries, pericoronitis, or periodontal disease. Dental caries can usually be detected 
on the enamel surfaces of partially erupted teeth during physical examination; 
radiographs will detect caries on enamel surfaces that are subgingival and not clinically 
visible. Caries are especially common in impacted M3s in mesioangular or horizontal 
positions. Pericoronitis will present as an infection or severe irritation or inflammation of 
the pericoronal gingiva, usually in a partially impacted third molar (Almendros-Marques 
et al, 2007). Periodontal disease can affect M3s much as it does other teeth. Gingiva, the 
periodontal ligament, cementum, and alveolar bone are all subject to the ill effects of 
periodontal disease (The Free Dictionary by Farlex, n.d). Periodontal disease, especially 
in its early forms, is harder to diagnose than pericoronitis or dental caries. An impacted 
third molar that is associated with excessive, non-cleansable periodontal pockets is 
chronically contaminated with oral flora and is therefore affected by periodontal disease. 
If the probing depths around either the third molar or the distal of the second molar are 
greater than 4mm, then the involved teeth are affected by the early stages of periodontal 
disease, which will likely progress significantly within two years (Dodson, 2012). 
Radiographic evidence is helpful to confirm the disease status, especially for a third 
molar that is not visible. Radiographic signs of third molar pathology include radiolucent 
lesions, internal resorption or caries, and resorption or caries of the adjacent second molar 
(Dodson, 2012). 
 7 
 
NON-DISPUTED MANAGEMENT FOR NON-IMPACTED M3s 
A small portion (15-20%) of third molars are able to erupt fully to the occlusal 
plane (Kruger et al, 2001), which is the imaginary surface where the upper and lower 
teeth meet (The Free Dictionary by Farlex, n.d.). For these non-impacted third molars, the 
treatment strategies that are accepted for other teeth apply.  
If the non-impacted tooth is not causing the patient any pain, is not associated 
with a pathologic condition, is in a functional occlusion, and hygiene can be maintained, 
then extraction is often not necessary (Dodson, 2012). A tooth is deemed “functional” 
when it is correctly positioned in the arch of the jaw and has erupted to the occlusal plane 
and is being used during mastication.  
If a pathologic condition such as caries or inflammatory disease is associated with 
a non-impacted third molar, and the condition cannot be corrected, the tooth should be 
removed, regardless of whether it is in a functional position or not.  
In summary, non-impacted third molars occur, and when they do, the treatment 
strategy is straightforward. If a pathologic condition that cannot be corrected exists, the 
tooth should be extracted; when there is no evidence of pathology, the tooth should be 
retained assuming its anatomic position allows it to be functional and proper hygiene is 
not an issue (Dodson, 2012).   
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NON-DISPUTED MANAGEMENT FOR IMPACTED M3s 
Guidelines similar to those established for the treatment of non-impacted third 
molars can often be used for impacted M3s. However, the treatment strategies for 
impacted third molars can be more complicated because the presence of disease may not 
be as obvious as it is for non-impacted teeth.  Members of the dental profession and 
public health advocates are in general agreement that an impacted third molar, like a non-
impacted third molar, should be extracted when there is clinical or radiographic evidence 
of pathology associated with the tooth (Ozec, 2009). The guidelines for treating disease-
free impacted third molars differ from treatment of disease-free non-impacted third 
molars. Because there is evidence that impacted third molars often develop pathologic 
conditions, retention of disease-free impacted third molars is not generally accepted as 
the best treatment strategy. 
When a patient presents with an impacted third molar, the oral and maxillofacial 
surgeon should use clinical and radiographic evidence to evaluate the condition. Based on 
the presence or absence of clinical or radiographic evidence of disease and the patient’s 
history of symptoms, or lack thereof, the clinician will have the requisite information to 
place the impacted third molar into one of four groups (Table 1).  
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Table 1. Classification of M3s according to symptom and disease status 
 
Symptoms 
Attributable to M3s 
Clinical or Radiographic Evidence of 
Disease 
 Present (D+) Absent (D-) 
Present (S+) A B 
Absent (S-) C D 
 
Abbreviations: A, symptoms present & disease present; B, symptoms present & disease absent; C, 
symptoms absent & disease present; D, symptoms absent & disease absent. 
 
Table adapted from Dodson (2012). 
 
Some patients will report to their clinician with no symptoms while others will 
complain of pain, swelling, limited jaw movement, or a bad taste or smell (Dodson, 
2012). Asymptomatic (S-) teeth are automatically assigned to group C or group D. Before 
the tooth of a symptomatic patient can be grouped, the clinician must first determine 
whether the symptoms are attributable to the third molar. Some patients may mistake jaw 
muscle pain (myalgia) or teething pain for third molar pain. Assessing the space available 
to accommodate the erupting third molar will help the clinician determine the likely 
cause(s) of the pain and arrive at a more probable working diagnosis. If adequate space is 
available and a normal eruption path is present, the teething pain is a normal effect of 
development and should not be attributed to a diseased or malerupting third molar. Thus, 
these teeth (S-) should be assigned to group C or group D because they too are 
asymptomatic. If the space available is inadequate, severe teething pain is no longer part 
of normal development and the tooth (S+) should be assigned to group A or group B 
because the symptoms are associated with the third molar (Dodson, 2012).  
If a pathologic condition is detected by clinical or radiographic exam, the third 
molar is assigned to disease-present (D+) groups A and C depending on the presence or 
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absence of symptoms. Impacted third molars that are classified as disease-free (D-) are 
assigned to group B or D depending on the presence or absence of symptoms. Erupted 
(non-impacted) M3s that are functional and caries-free, with probing depths less than 
4mm, are assigned to groups B or D much like disease-free impacted teeth (Dodson, 
2012).  
Upon completion of the physical and radiographic examinations, the clinician 
should combine his notes about the disease status with those about the symptom status in 
order to identify the exact group (A, B, C, or D) that the third molar belongs to. Each of 
these groups (A-D) will help in clinical decision-making, but well-defined treatment 
strategies are available for only groups A, B, and C (Cabbar et al, 2008).  
The third molars in group A are symptomatic and are associated with 
inflammatory disease (S+/D+). Because there is general consensus that third molars 
should be removed when they are diseased, surgical extraction is a widely accepted 
treatment strategy for these symptomatic, disease-present (S+/D+) teeth (Stathopoulos et 
al, 2011). For the same reason, the surgical extraction of group C (S-/D+) third molars is 
also widely accepted, even though the patient does not report any symptoms 
(Stathopoulos et al, 2011). Third molars in group B (S+/D-) do have symptoms, but these 
symptoms may or may not be the result of a M3 disease process. The symptoms may be 
attributable to non-disease conditions such normal teething. Excessive or prolonged 
teething pain occurs because M3 eruption is delayed or the space available to 
accommodate the developing third molar is inadequate (Dodson, 2012). If the patient is 
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unwilling to allow additional time to complete a normal eruption process or it becomes 
evident that the space available for the eruption is inadequate and the teething pain will 
continue, surgical intervention is justified. Removal of the erupting M3 should eliminate 
symptoms if the working diagnosis of teething pain is correct. However, if the surgical 
treatment option is selected, it should be done so with the understanding that if the 
working diagnosis is incorrect, extraction will not be an effective treatment strategy. If 
the patient is not comfortable with surgical extraction as the treatment method, and he or 
she is able to cope with the symptoms, the tooth should be retained. If given enough time, 
with proper monitoring, the tooth could erupt properly, thus causing a cessation of 
symptoms; or a different etiology of the symptoms may become apparent (Dodson, 
2012).  
 
DISPUTED MANAGEMENT FOR GROUP D (S-/D-) IMPACTED M3s  
The management of impacted third molars is a straightforward exercise if the 
presence of symptoms or disease is clearly attributed to the third molars. Thus, there are 
widely accepted and well-defined treatment strategies for third molars in groups A 
(S+/D+), B (S+/D-), and C (S-/D+). However, the management of asymptomatic (S-) and 
disease-free (D-) third molars (group D) is controversial. One school of thought for 
managing group D third molars is surgical intervention; the other is retention with active 
monitoring (Almendros-Marques et al, 2007). The philosophy behind surgical 
intervention is one of prophylactic treatment strategy, intended to prevent symptoms and 
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disease from occurring in the future. The non-surgical strategy is intended to avoid 
unnecessary surgery, which could have complications. Unfortunately, there is no general 
consensus regarding which management strategy, surgical intervention or retention, 
yields the best outcome for the patient; and there are ardent advocates of each 
management option.  
 
ADVOCATES OF RETENTION 
Proponents of retention, such as the American Public Health Association 
(APHA), believe that prophylactic removal of group D third molars should be avoided 
because it subjects patients to avoidable morbidity, risks of permanent injury, and 
unnecessary costs (Friedman, 2011). This group’s position is,  if the patient is not 
symptomatic and there is no clinical or radiographic evidence of disease, there is no 
reason for surgical intervention.  
Indeed, these concerns about morbidity, injury, and costs do exist with M3 
surgery, as they would with any surgical procedure. Practitioners who support retention 
over surgical intervention feel that the potential benefits of a surgical procedure do not 
justify the risk of developing these complications. Most complications such as bleeding, 
swelling, and trismus are short-lived and resolve without additional treatment (Pogrel, 
2012). The highest level of discomfort occurs the day of surgery, and the levels decrease 
thereafter (Susarla, Blaeser, & Magalnick, 2003). For the 2-3 days following surgery, the 
discomfort levels may be significant enough to keep the patient out of work or school.  
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Although it can be expected that discomfort levels will continue to decrease in the days 
following the surgery, studies show that 4% of the immediate postoperative pain could 
still persist at 14 days postoperatively (Pogrel, 2012). Some short-lived complications, 
such as trismus, could last longer than two weeks, with many patients reporting that 4-6 
weeks passed before they regained a full range of jaw movements and the ability to chew 
normally (Juhl et al, 2009). Other complications, such as surgical site infection or 
alveolar osteitis, are not self-limited; additional treatment is required to manage these 
inflammatory complications (Mercier & Precious, 1992). Alveolar osteitis, more 
commonly known as a “dry socket”, occurs in 5-20% of third molar extractions (Al-
Khateeb et al, 1991; Chuang et al, 2008). Although long-term complications occur less 
frequently, they do occur, can be morbid, and even permanent. The four most common 
long-term complications associated with third molar removal are: periodontal 
complications, temporomandibular joint (TMJ) problems, nerve involvement, and sinus 
communication (Pogrel, 2012).  
The advocates of M3 retention do not support the prophylactic removal of group 
D third molars because of concerns that surgery could result in one or more of the above 
complications, where none existed preoperatively. To support their belief, this group of 
practitioners refers to studies such as the one done by Karapataki et al (2000). This study 
reported that 43% of patients with no preoperative periodontal disease developed 
periodontal problems on the distal side of the lower second molar (M2) as a result of the 
prophylactic surgery.  
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Another longitudinal study investigated if there is an association between M3 
extraction and development of temporomandibular disorders(TMD). Fifty-percent of the 
34, 491 patients involved in the study underwent prophylactic M3 surgery. The other 
50% who were not exposed to M3 removal served as a control group. The mean patient-
age at the time of third molar extraction was 18.2 years. Within five years after the 
surgery, 360 (2%) of the 17,419 patients were treated for TMD. The mean patient age at 
the time of TMD onset was 18.7 years. This study suggested that patients who had their 
M3s extracted were 60 times more likely to develop TMD after surgery.  (Huang & Rue, 
2006).  
Nerve involvement is another concern for the non-extraction advocates. If a nerve 
complication does develop after surgery, it is often associated with removal of impacted 
mandibular M3s (Holmes et al, 2004). Nerve involvement occurs when either the inferior 
alveolar nerve or the lingual nerve is affected during the extraction of a mandibular 
impacted third molar. The inferior alveolar nerve travels through a canal within the 
mandible to innervate the M3 and provide sensation to the lower lip and a portion of skin 
on the chin up to the midline (Smith et al, 1997). The lingual nerve travels along the 
lingual surface of the mandible within the tissues of the floor of the mouth, and 
innervates the tongue and lingual gingival tissues (Animated Teeth by WMDS). Because 
the anatomical locations of the nerves are either close to the surgical site or the M3, the 
nerves can be exposed to trauma during surgery (Figure 4). Such an occurrence can result 
in an alteration of normal function of those nerves, which could be temporary or 
permanent (Smith et al, 1997). When this alteration of function occurs, the patient often 
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reports a numbness, tingling, or burning sensation of the affected areas, often referred to 
as a paresthesia (Susarla et al, 2003).  
 
 
 
      
 
          
        
      
         mandibular  
      canal          M3 root 
 
 
 
 
 
 
 
 
 
Figure 4. Horizontally impacted M3 touching the roof of the mandibular canal. 
 
Figure adapted from Yadav et al. (2011). 
 
 
 
The degree of sensory change can vary from slight to profound; and the area of 
involvement can be localized to the surgical site or to any tissues innervated along the 
course of the nerve. Studies show that the inferior alveolar nerve may be involved after 
surgery in 0.5-5% of mandibular third molar extractions (Yadav et al, 2011). In most 
cases, nerve involvement is transient, but if the sensory loss lasts longer than six months, 
the complication is likely permanent (Yadav et al, 2011). According to a report by Pogrel 
in 2012, permanent sensory alteration occurs in 1 of every 2,500 impacted mandibular 
third molar extractions (Pogrel, 2012).  Involvement of the lingual nerve is less frequent, 
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occurring in only 0.2-2% of impacted mandibular M3 extractions (Renton & McGurk, 
2001), but when it does occur, it is more likely to be permanent (Susarla et al, 2003). 
Postoperative nerve involvement associated with maxillary impacted M3 extractions can 
occur, but is less frequent and usually involves only localized areas of soft tissue 
(Chiapasco et al, 1993).  
Sinus communication is another potential complication associated with the 
extraction of impacted maxillary third molars (Figure 5) (Pogrel, 2012). A sinus 
communication is a perforation in the barrier between the oral cavity and the maxillary 
sinus. The maxillary sinus is anatomically separated from the oral cavity by gingiva, 
bone, and sinus membrane (del-Rey Santamaria et al, 2006). If the root or crown of a 
maxillary third molar is touching a portion of the sinus floor, it is possible that a path of 
communication could develop through the extraction site (Susarla et al, 2003). If this 
communication does not seal by proper healing at the surgical site, microbes from the 
oral cavity could contaminate the interior of the maxillary sinus, possibly resulting in a 
sinus infection (del-Rey Santamaria et al, 2006). Additional surgical treatments might be 
needed if a sinus communication does not close spontaneously (Rothamel et al, 2007).  
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Figure 5. Sinus Communication.  
Figure taken from ToothIQ by Symbyos, (2011). 
 
A retrospective study reported that sinus communications existed in 0.8% of 
impacted maxillary third molar extractions (Chiapasco et al, 1993). However, this may 
under-represent the frequency of sinus communications resulting from third molar 
removal because the patients weren’t actually examined after surgery to check for the 
presence of a sinus communication (Rothamel et al, 2007). Prospective studies may 
provide a more accurate report on the incidence of this complication because the patients 
are examined after surgery to determine whether a sinus communication exists. Based on 
data from various prospective cohort studies, sinus communication occurs in 5-13% of 
maxillary third molar extractions (del-Rey-Santamaria et al, 2006; Rothamel et al, 2007).  
In addition to concerns about the varying degrees of morbidity associated with 
M3 surgery, some practitioners who advocate retention of group D third molars also have 
concerns about the financial burdens of having the surgery. Not only is there the direct 
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cost of the surgery, there are also the indirect costs associated with loss of productivity at 
work (Friedman, 2007).  
 
MANAGEMENT STRATEGY FOR RETAINED THIRD MOLARS 
Based on any or all of the previously discussed issues supporting a nonsurgical 
treatment plan, a decision may be made to retain group D (S-/D-) M3s. Along with that 
decision comes the responsibility for long term monitoring of these teeth. This strategy 
involves follow-up visits approximately every 24 months at which time clinical and 
radiographic examinations will be performed (Dodson, 2012). Faithful adherence to this 
plan will enable the clinician to discover clinical and/or radiographic changes that 
warrant a classification change from group D to group A, B, or C. At that time, the 
treatment strategy will call for the extraction of the involved third molar. Until such time, 
the frequency of future disease among retained third molars is high enough to justify 
routine follow-up visits in order to detect and treat disease before it becomes 
symptomatic (Dodson, 2012).  
 
ADVOCATES OF REMOVAL 
Those in favor of prophylactic removal as a management strategy argue that the 
early stages of disease are likely to exist even before they can be detected during clinical 
or radiographic examination. Dentists claim that in time, these early pathologic 
conditions will progress into a detectable disease state, at which point the no longer 
disease-free third molar will need to be removed. They also argue that many of the 
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surgical complications discussed earlier are age-dependent, becoming more frequent and 
more morbid in patients over 25 years of age. Thus, those who advocate prophylactic 
removal of group D (S-/D-) third molars do so because they are of the belief that many of 
these teeth eventually become symptomatic and require extraction. If they become 
symptomatic at an older age, the complications from removal are more likely to occur 
and occur with increased morbidity. 
Cabbar et al (2008) demonstrated that a pathologic condition does in fact exist in 
a significant number of group D third molars before it can be detected by clinical or 
radiographic examinations. But, those findings alone cannot justify the prophylactic 
removal of group D (S-/D-) third molars unless there is evidence that early stages of 
disease will progress to a condition that will indicate a need for extraction. Recent studies 
have investigated how many retained group D (S-/D-) impacted third molars go on to 
develop pathologic conditions and are subsequently removed. According to the literature, 
depending on the duration of the follow-up, 10-16 % of retained group D (S-/D-) M3s 
eventually developed a pathologic condition and as a result were extracted (Celikoglu et 
al, 2010; Nitzan et al, 1981). There is ample evidence supporting the fact that many of the 
complications associated with third molar extraction occur more frequently and with 
increased morbidity for patients over 25 years of age (Susarla, Blaeser, & Magalnick, 
2003; Valmaseda, Berini, & Gay, 2001). Four of the more troublesome complications 
associated with third molar removal that were discussed earlier are: 1) postoperative 
periodontal complications, 2) TMJ disorders, 3) nerve involvement, and 4) sinus 
communication (Pogrel, 2012). 
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As stated early, proponents of M3 retention, point to studies indicating that 
prophylactic removal causes postoperative periodontal complications in 43% of patients 
who had group D (S-/D-) M3s extracted (Karapataki, Hugoson, & Kugelberg, 2000).  
Further analysis of the data reveals that most patients whose periodontal condition 
worsened postoperatively were over 25 years of age (Karapataki, Hugoson, & Kugelberg, 
2000). These findings support the claim that patients over 25 years of age are more likely 
to experience complications from third molar surgery.  
Advocates of M3 removal believe that TMJ disorders are not a complication of 
third molar removal. Studies by Huang et al (2008) and Juhl et al (2009) show no 
significant difference in the incidence of TMD in patients who have had M3 extractions 
when compared to those who have not had M3 extractions. A study by DeAngelis et al in 
2009 showed that 13.3% of young adults were already effected by TMD at the 
consultation to evaluate their M3s. This might suggest that the relationship between M3 
surgery and the development of a TMD is indirect because M3s are often removed in an 
age group of patients where TMDs are relatively common (Pogrel, 2012).  
The roots of a third molar continue to develop even after the M3 is in its final 
erupted or impacted position. Third molars usually erupt when the patient is between 17 
and 21 years of age, but the roots are not fully formed until 18-25 years of age (Kim et al, 
2003). As a patient approaches 25 years of age, the roots of their teeth lengthen and come 
into closer proximity to the mandible canal (Kim et al, 2003). When the M3 roots are in 
close proximity to the mandibular canal, damage to the canal during M3 extraction is 
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more likely to occur, which in turn increases the risk of nerve involvement (Valmaseda, 
Berini, & Gay, 2001). Further, of the cases where nerve involvement does occur, older 
patients are more likely than younger patients to have incomplete recovery (Pogrel, 
2012). Thus, the advocates of M3 removal suggest prophylactic removal of group D (S-
/D-) M3s before the patient reaches 25 years of age, when the roots of the third molar are 
less likely to be in close proximity to the mandibular canal and recovery is optimal (Kim 
et al, 2003). Other studies by Valmaseda et al (2001) and Yadav et al (2011) have come 
to the same conclusion.  
However, the advocates of removal agree that a group D (S-/D-) M3 should not 
be removed when its roots are in close proximity to the mandibular canal, even if the 
patient is younger than 25 years of age (Susarla et al 2003). Radiographs, both panoramic 
and periapical, and/or tomography can be helpful in determining the potential for M3 
postsurgical nerve involvement (Smith et al, 2011).  
Postsurgical sinus communications can also be predicted preoperatively with 
some degree of success using radiographic imaging. If the roots of an upper third molar 
are touching the sinus cavity, then a sinus communication is more likely to occur (del-
Rey Santamaria, 2006). Fortunately, sinus communications often do not require 
additional treatment because most heal spontaneously (Pogreal, 2012). Again, age seems 
to be a factor with this complication. A study by Rothamel et al in 2007 showed that 
sinus complications are more likely to occur in patients over 25 years of age and when 
 22 
there is an immediate relationship between the position of the tip of the root and the 
maxillary sinus.  
In addition to the aforementioned dental-related complications of retaining M3s, 
Offenbacher et al (2012) offers a study that implicated retained M3s as a source of 
systemic inflammation. This study shows that significant increases in the markers of 
systemic inflammation were detected in the serum of patients who had developed 
periodontal inflammation in non-M3 regions. It was concluded that the third molars can 
serve as a chronic source of inflammation, the effects of which extend beyond the local 
area of the M3s, and can even put stress on the systemic health of the patient.  
Proponents of prophylactic removal of M3s maintain that operative intervention is 
the best management strategy for group D (S-/D-) third molars.  They are of the opinion 
that many retained group D (S-/D-) M3s eventually become reclassified as group A, B, or 
C M3s and therefore qualify for extraction, and this reclassification may occur when the 
patients is older. They recognize that surgical intervention carries with it the risks of 
certain complications; but also feel that studies report early intervention to avoid age-
related complications, local and systemic infections issues, and the cost of long term 
monitoring (Koumaras, 2012). Based on a financial analysis performed by Koumaras in 
2012, prophylactic removal is the least costly management strategy, followed by removal 
of a third molar after ten years of active monitoring, followed by the most expensive 
management strategy, active monitoring of a group D (S-/D-) M3 for twenty years. The 
financial analysis was derived from dental claims data extracted from Delta Dental of 
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Virginia for services provided in the 2009 calendar year. The indirect costs of third molar 
removal, such as loss of productivity at work, were not considered in this analysis. 
According the advocates of M3 removal, these indirect costs are avoidable if the 
procedure is done prophylactically, at a young age, when occupational duties are not a 
factor (Koumaras, 2012). In a patient’s lifetime, the costs associated with non-operative 
management of asymptomatic, disease-free third molars will exceed the costs of 
operative management. 
 
GOALS 
 There is no general consensus as to which management strategy, surgical 
intervention or retention, is best for group D (S-/D-) third molars. The purpose of this 
report is not to identify which management strategy is better, but instead to present the 
risks, benefits, and supporting arguments of each management strategy. Before either 
strategy is decided upon, clinicians should inform patients of the risks and benefits of 
both. Patients will then be able to make an informed decision about which management 
strategy is more appropriate for them.  
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PRESENTATION OF PUBLISHED DATA 
Multiple studies have been performed addressing the presence or absence of 
disease-states associated with developing M3s, the risks associated with both retention 
and removal of asymptomatic and disease-free M3s, and costs associated with long term 
monitoring of retained M3s verses the costs of extracting M3s. Following are some of the 
published data which address these issues.  
A Disease State Might Exist Before It Can Be Detected By Clinical Or Radiographic 
Exam 
 Third molars seem to serve as the most common point of initiation for periodontal 
disease (Offenbacher et al, 2012). Therefore, researchers have questioned whether (S-/D-
) M3s might be associated with pathological changes even before a pathological 
condition can be detected by clinical or radiographic examination. The presence of a 
clinically non-detectable disease state, which will eventually progress to a symptomatic 
state, might be justification for prophylactic removal.  
 In 2008, Yildirim et al investigated the need for routine removal of (S-/D-) 
impacted M3s based on the incidence of pathologic changes in the pericoronal tissue, 
which could not be detected clinically or radiographically. The study included 115 
patients (33 men and 77 women) with 120 (S-/D-) impacted M3s. The mean patient age 
was 24.74 years (SD 7.53 years). All patients were medically healthy, with 
asymptomatic, disease-free M3s fully covered by mucousa and partially or completely 
covered by bone. Prophylactic removal of the 109 (91%) mandibular and 11 (9%) 
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maxillary M3s was performed under local anesthesia. The 120 dental follicles were 
curetted from the extraction sockets, preserved, and later examined under a light 
microscope. The origins of the specimens were not revealed to the pathologist and a 
diagnosis was made for each case. Pathologic conditions were found in 23% (28) of the 
dental follicles; the remaining 92 dental follicles were normal tissue, free of pathology. 
The association between pathologic change and angular position of impacted M3, gender, 
and age were statistically evaluated (P<0.05). Changes occurred mostly in mesioangular 
and vertically positioned M3s, but the relationship between angular positions and 
pathologic change was not statistically significant because of incomparable sample sizes. 
Similarly, most pathologic changes occurred in females, but the relationship between 
pathologic change and gender was not statistically significant because most (67%) of the 
patients in the study were female. A significant majority (89%) of the 28 patients who 
showed pathologic changes were twenty years of age or older. These findings suggest 
that approximately 23% of (S-/D-) impacted M3s are associated with pathologic 
conditions that cannot be detected by clinical or radiographic measures; and that patients 
older than twenty years of age are at increased risk for pathologic changes (Yildrim et al, 
2008). 
  Another study compared 59 dental follicles from 54 patients with group D (S-/D-
) impacted mandibular M3s fully covered by mucosa to a control group consisting of 13 
healthy gingival tissue samples that had been obtained during the surgical removal of 
group D (S-/D-) fully impacted M3s. Cabbar et al (2008) suspected that the follicular 
epithelium might play a role in the development of odontogenic cysts and tumors so they 
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investigated the proliferative potential of dental follicular tissue in group D (S-/D-) 
impacted M3s. Two antibodies known to be epithelial proliferation markers were used to 
determine proliferative potential. Excess amounts of these markers could indicate a 
developing pathologic condition at the M3 site before clinically or radiographically 
detectable disease becomes apparent. Under local anesthesia, the group D (S-/D-) 
impacted M3s were extracted and the dental follicles of the impacted teeth were curetted 
out of their sockets. Two pathologists performed a routine histologic examination of the 
each tissue sample. Any tissue sample with squamous epithelium spreading along the 
surface of the dental follicle was considered cystic and abnormal. Epithelium was 
detected in 78% (46) of the 59 dental follicle specimens. Two pathologists also 
performed an immunohistochemical examination of each specimen to determine the 
intensity and extent of expression of the proliferation markers. The expression levels of 
both proliferation markers were significantly (P<0.01) higher in the dental follicle tissues 
than they were in control samples, indicating that the odontogenic epithelium in the 
dental follicle of a group D (S-/D-) impacted M3 might be actively proliferating, and that 
cysts and tumors might develop from these cells (Cabbar et al, 2008). 
 A study by Baykul et al in 2005 also investigated the cystic changes in group D 
(S-/D-) impacted mandibular M3s. The pericoronal tissues of 94 patients (30 male and 64 
female) were examined histopathologically and the relationship between cystic changes 
and angular position, contact of M3 with adjacent M2, gender, and age were investigated. 
The mean age of the subjects was 22.11 years, ranging from 14 to 45 years. Cystic 
changes in the tissue specimens were defined by the presence of a dense fibrous 
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connective tissue wall lined by a few layers of stratified squamous epithelium. Of the 94 
specimens, 47 (50%) of them showed cystic changes, with most of the changes occurring 
in patients between 20 and 25 years of age. The relationship between cystic changes and 
angular position of the M3 was statistically significant (P<0.05) with vertically 
positioned teeth being most at risk for cystic changes, followed by horizontally and then 
mesioangular positioned teeth (Figure 6). The frequencies of cystic changes for 
vertically, horizontally, and mesioangularly positioned M3s were 75%, 64%, and 39% 
respectively. The data from 3 distoangular impactions was excluded because of 
insufficient sampling. The relationship between cystic changes and contact between the 
M3 and adjacent M2 was not statistically significant, nor was the relationship between 
cystic changes and gender. In this study, 56% of the cystic changes occurred in patients 
older than 20 years, suggesting that the incidence of cystic change is correlated to age 
(Baykul et al, 2005).  
 
Figure 6. Histologic appearance of a dental follicle that shows cystic changes (hematoxylin-eosin 
stain, original magnification x20).  
Figure taken from Baykul, Saglam, Aydin, Basak. (2005). 
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Risks Associated With Retention of Group D (S-/D-) Impacted M3s 
 Other studies have reported that even in the absence of clinical or radiographic 
evidence, pathologic changes, which can be detected a on microscopic level, might be 
associated with 23-50% of group D (S-/D-) impacted M3s (Yildirim et al 2008; Baykul et 
al, 2005). But, unless these pathologic changes progress to a clinically or radiographically 
detectable condition, they are not problematic for the patient. Therefore, it is necessary to 
determine what portion of retained group D (S-/D-) M3s eventually develop a pathologic 
condition and require extraction.  
According to a literature review by Almendros-Marques (2008), retained third 
molars are at risk for developing caries (on M3 or adjacent M2), root resorption (on M3 
or adjacent M2), and periodontal disorders on the distal surface of the adjacent M2. The 
review also suggested these teeth to be at risk for developing infections such as 
pericoronitis, cysts, and tumors (Almendros-Marques et al, 2008). 
Nitzan et al (1981) investigated the relationship between the presence of an 
impacted M3 and root resorption of the adjacent M2. Of the 199 impacted M3s involved 
in the study, 15 (7.5%) showed root resorption of the adjacent M2. An additional 16 M3s 
in this study showed damage to the periodontium at the distal surface of the M2. In total, 
31 (16%) of the 199 retained impacted M3s were associated with damage to the adjacent 
tooth (Nitzan, Keren, & Marmary, 1981).  
Another study, conducted by Stanley et al (1988), examined the panoramic 
radiographs of 1,756 patients with retained 3,702 impacted M3s in order to determine 
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how frequently pathologic conditions developed. The patients involved in the study were 
47 years old on average, with an average retention time of approximately 27 years. Of the 
3,702 retained impacted M3s, 166 (4.48%) showed periodontal ligament damage and 
bone loss on the distal of the second molar, 113 (3.05%) showed root resorption of the 
adjacent M2, 16 (0.43%) showed internal root resorption, and 30 (0.81%) were cystic. 
Because of overlapping, the frequencies of these pathologic conditions cannot be 
combined to arrive at a total percentage of these three pathologic conditions. According 
to Stanly, some type of pathological change can be expected eventually in approximately 
12% of patients who opt to retain their impacted third molars (Stanley et al, 1988).  
In 2010, Celikoglu et al investigated the relationship between the incidence of 
pathologic change and the angulation position of the M3s. This study also examined 
whether the incidence of pathologic change was more frequent for maxillary or 
mandibular impacted M3s. The panoramic radiographs of 351 Turkish orthodontic 
patients (198 women and 153 men) between 20 and 26 years of age (mean age, 22.8 
years) were examined. None of the subjects involved in the study had previously 
undergone surgical removal or extraction of one or more third molars. Of the 444 
impacted M3s, 192 (43.2%) were maxillary impactions and 252 (56.8%) were 
mandibular impactions. Fewer maxillary than mandibular impactions were associated 
with pathologic changes (7.3% and 12.7% respectively). The most frequently observed 
pathologic change in the maxilla was root resorption of the adjacent M2, as 4.2% of 
maxillary impacted teeth showed this condition. In the mandible, 5.2% of impactions 
showed decreased alveolar bone on the adjacent M2, 3.8% showed root resorption of the 
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adjacent M2, and 2.8% showed caries on the distal of the adjacent M2. When all of the 
results were considered together, 10.4% of the impacted M3s were associated with some 
type of pathologic change. In terms of angular position, 55.6% of the impacted M3s 
affected by pathologic change were associated with the horizontal position, 8.1% were 
associated with the mesioangular position, and 7.8% with the distoangular position 
(Celikoglu, Miloglu, & Kazanci, 2010).  
Based on the results of Celikoglu et al (1981), symptomatic or clinically apparent 
pathologic changes might develop in 10.4-16% of retained third molars. Impactions 
associated with the horizontal position may be at increased risk for developing disease, 
followed by impacted M3s in the mesioangular position (Celikoglu, Miloglu, & Kazanci, 
2010; Nitzan et al, 1981).  
 
Risks Associated With Removal of Group D (S-/D-) Impacted M3s 
 There are also certain risks associated with the operative intervention 
management strategy for group D (S-/D-) M3s. The main concern is that the prophylactic 
operation could result in surgical complications. Five of the more troublesome 
complications, which were previously discussed are 1) alveolar osteitis, 2) periodontal 
disease resulting from surgery, 3) TMJ dysfunction, 4) nerve involvement, and 5) sinus 
communications. Each of these will now be discussed. 
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Alveolar Osteitis 
The incidence of alveolar osteitis, or a “dry socket”, varies in the published 
literature from 1-22% because of differences in the sample population and/or the study 
protocol (Susarla et al, 2003).  
In a prospective cohort study, Chuang et al (2008) investigated the frequency of 
inflammatory complications following surgery in 4,004 patients having 8,748 M3s 
extracted. Inflammatory complications included surgical site infections and episodes of 
alveolar osteitis. The age of patients enrolled in the study ranged from 13 to 98 years, and 
the sample’s mean age was 39.8 years. The majority of patients (93.9%) were above 25 
years of age. Of the M3s that were extracted, 7.4% were associated with alveolar osteitis.  
An additional 1.1% developed surgical site infection, thus raising the postoperative 
inflammatory complication rate to 8.5% of the 8,748 impacted M3s. Erupted M3s were 
not excluded from this study, and there was a direct relationship between the level of 
impaction and the risk of postoperative inflammatory complications. Third molars 
presenting as full bony impactions were most likely to have postoperative inflammatory 
complications, followed by partial bony impactions, soft-tissue impactions, and then non-
impacted M3s (Chuang et al, 2008). Also, this study was not specific to group D (S-/D-) 
M3s; it included third molars from group A (S+/D+), group B (S+/D-), and group C (S-
/D+) as well. Patients with pre-existing infections were 25% more likely to experience a  
postoperative inflammatory complication, while patients with other pathological 
conditions were three times more likely to experience postoperative inflammatory 
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complications (Chuang et al, 2008). Therefore, this incidence could be an overestimation 
of the postoperative inflammatory complications associated with group D (S-/D-) M3s.  
These findings were in agreement with an earlier study by Al-Khateeb (1991), 
which concluded that the incidence of alveolar osteitis was much higher when the third 
molars were removed for therapeutic reasons relative to those removed for prophylactic 
reasons (Figure 7). Alveolar osteitis was a complication of 21.9% of M3 extractions 
performed for therapeutic purposes and only 7.1% of prophylactic M3 extractions (Al-
Khateeb, 1991).  
 
Figure 7. Percentage distribution of alveolar osteitis in the different indication groups. 
Figure taken from Al-Khateeb, Marsa, Butler, (1991).  
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Periodontal Disease Resulting from Surgery 
 The prevention of progression of periodontal disease or the elimination of 
periodontal disease is a common justification for removal of a third molar. However, 
there might be occasions where extraction of a mandibular M3 can either create or 
exacerbate periodontal problems on the distal aspect of the adjacent M2. A prospective 
study by Karapataki et al (2000), examined 20 patients undergoing M3 surgery, who 
showed no preoperative evidence of periodontal disease on the distal side of the M2. 
After surgery, 43% of the patients showed a change from a healthier to less healthy 
periodontal condition. The large majority of the patients who developed postoperative 
periodontal problems were over 25 years of age (Karapataki, Hugoson, & Kugelberg, 
2000). 
 Other review articles have concluded that periodontal defects following third 
molar surgery occur more frequently in patients over 35 years of age, especially if there is 
existing bone loss along the distal aspect of the M2 (Susarla, Blaeser, & Magalnick, 
2003). 
TMJ Dysfunction 
 Third molar extraction  as a cause of temporomandibular disorders (TMD) is 
plausible for two reasons. First, the surgery requires patients to have their mouths open, 
sometimes for extended periods of time. Second, during some surgeries, considerable 
force can be applied to the mandible. Either of these situations could stretch the muscles 
and ligaments in the jaw or displace the temporomandibular joint, all of which may result 
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in muscular and joint pain. Additionally, when M3 extraction is performed under general 
anesthesia, the patient’s defensive mechanisms are reduced, making it impossible for the 
patient to counteract the forces being applied to the mandible (Huang & Rue, 2006).  
In a prospective study, Juhl et al (2009) investigated the relationship between 
third molar surgery and the development symptoms of TMD during a 6-month 
observation period following M3 extraction. Seventy-two patients underwent surgery 
using local anesthesia. The patients were examined using the Research Diagnostic 
Criteria for TMD at baseline, 1 week, 1 month, and 6 months after surgery. Twenty-five 
age- and sex-matched healthy subjects, who did not undergo M3 extraction were included 
to serve as a control group. The control subjects were examined using the same criteria at 
baseline and at 6 months. When compared with the untreated controls, the patient group 
showed 1) reduced range of maximum jaw opening at 1 week after surgery (P<0.001), 2) 
increased characteristic pain intensity 1 week after surgery (P<0.05), 3) increased 
disability up to 1 month after surgery (P<0.05), 4) increased incidence of muscle pain on 
palpatation up to 6 months after surgery (P<0.05), 5) increased incidence of pain on 
palpation of the TMJ up to 6 months after surgery (P<0.05), and 6) increased incidence of 
painful TMD 6 months after surgery. All of the findings were statistically significant 
except for the increased incidence of TMD 6 months after surgery (Juhl et al, 2009). 
 A retrospective cohort study by Huang and Rue (2006) was performed to 
determine if there was an association between M3 extraction and TMD following 
extraction in a population of young adults between 15 and 20 years of age at the time of 
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the surgery. The mean age of extraction was 18.2 years. Most (80%) of the extractions 
were performed under general anesthesia, 14% were performed using local anesthesia, 
and 7% were performed using nitrous oxide, intravenous sedation, or both. Almost all 
(95%) of the extracted M3s were impactions. Most (41%) were full bony impactions, 
followed by partial bony (32%) impactions, and then soft-tissue (21%) impactions. The 
study included 24, 491 subjects, of whom 17,419 (50%) were exposed to third molar 
removal. Of the 17,419 patients who underwent M3 removal, 391 (0.02%) complained of 
TMD, but only 360 received TMD treatment during the five-year study period. The mean 
age of TMD onset was 18.7 years. After analysis of the data was performed, Huang and 
Rue (2006) noted a 60% increased risk of experiencing TMD for patients having their 
M3s removed, as compared to those subjects who never underwent M3 removal. The 
hypothesis of M3 extraction as a risk factor for TMD is supported by this investigation 
for young adults between 15 and 20 years of age (Huang & Rue, 2006). 
 A population-based cohort study by Huang et al (2008) investigated M3 removal 
as a risk factor for TMD among all age groups in order to determine the relationship 
between age at the time of M3 extraction and subsequent risk for TMD. The study 
included 2217 patients with a history of third molar extraction and 2217 age- and gender-
matched control subjects with no history of third molar removal. Radiographic evidence 
was used to confirm that control subjects had no history of third molar extraction; 
international Classification of Disease codes were used to identify TMD; and the relative 
risks for developing TMD were calculated overall, and by each decade of life. Fifty-
percent of the 2217 matched pairs were between 10 and 20 years of age, 25% were 
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between 21 and 30 years of age, and the remaining 25% were older than 30 years of age. 
Overall, the annual incidences of TMD in cohorts who had been exposed to M3 
extraction and those who had not been exposed were 0.7% and 0.5% respectively. TMD 
was slightly more frequent when patients had been exposed to M3 surgery, but the 
difference between the patient and control cohorts was not statistically significant. 
Further, the relative risk of TMD was slightly higher for patients under 21 years of age at 
the time of the M3 extraction, but was not statistically significant from the relative risk 
for patients over 21 years of age. The annual incidence of TMD was statistically higher in 
females (1.1%) than it was in males (0.3%) (Huang et al, 2008).  
Nerve Involvement 
 A study by Yadav et al (2011), examined 300 patients between 18 and 45 years of 
age to determine the incidence of inferior alveolar nerve (IAN) damage following the 
removal of mandibular M3s. Prior to surgery, predictions were made for any 
postoperative changes in sensation in the lower lip region. These predictions were made 
based on panoramic and intra oral periapical radiographs. Extractions were performed 
under local anesthesia using the buccal approach, and one week after surgery, the patients 
were questioned about any alteration in sensation. Of the 280 (93.3%) patients that were 
predicted to have normal outcomes, 100% (280) had normal outcomes, with no alteration 
in sensation. The remaining 20 (7.7%) patients were predicted to experience 
postoperative inferior alveolar nerve involvement, but only 9 of those 20 patients (3% of 
the original sample) actually experienced sensory nerve disturbances. Of the 9 cases 
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where inferior alveolar nerve involvement did occur, 8 (2.67% of the original sample) 
were transient and 1 (0.3% of the original sample) lasted longer than 3 weeks. Certain 
radiographic characteristics were identified to be risk factors for increased incidence of  
IAN damage. Such characteristics were: 1)narrowing or deviation of the canal, 2) loss of 
the canal cortical outline, 3) increased radiolucency over the root, 4) horizontal or 
mesioangular impacted teeth, and 5) postoperative hemorrhage from the extraction site.  
Smith et al (2011) conducted a similar prospective study in order to identify the 
incidence of IAN damage following the removal of mandibular M3s. This study accessed 
if the panoramic radiograph is a valuable tool for predicting outcome. The outcome 
(altered sensation or normal sensation) of M3 extraction was predicted preoperatively 
based on evidence from panoramic radiographs. The patient age at the time of extraction 
ranged from 17 to 35 years. Four-hundred-and-seventy-nine M3 extractions were 
performed under general anesthesia. The presence or absence of altered sensation was 
determined two weeks after surgery at the postoperative follow-up visit, and the results 
were correlated with the predicted outcomes. Of the 479 cases, 418 were predicted to 
have normal outcomes and 61 were predicted to have altered sensation after surgery. Of 
the 418 that were predicted to have normal outcomes, 7 did not. Only 18 of the 61 cases 
that were predicted to have abnormal outcomes actually had altered sensation following 
surgery. Overall, 25 (5.2%) of 479 M3 extraction cases were associated with a 
postoperative alteration in sensation. The remaining 454 cases had normal outcomes. All 
but 1 of the 25 sites associated with IAN involvement experienced transient alteration in 
sensation and returned to normal within two week of the surgery. One (0.2%) of 479 M3 
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extraction cases experienced prolonged IAN involvement after surgery. Radiographic 
predictions were correct 94.8% of the time when the outcome was predicted to be normal, 
and 72% of the time when an alteration in sensation was predicted (Smith et al, 1997). 
 A prospective study by Valmaseda-Castellon et al (2001) was also conducted to 
determine the incidence of IAN damage after surgical removal of lower third molars, to 
identify the causes of nerve involvement, and to establish a predictive model to assess the 
risk of IAN damage. The study involved 946 consecutive patients who had 1,117 
mandibular M3s extracted using local anesthesia. The inferior alveolar nerve was 
involved  with 1.3% of the mandibular M3 extractions, and damage was permanent in 
25% of those cases. The risk of IAN involvement significantly increased (P<0.05) with 1) 
increased age, 2) a closer radiographic relationship between the roots of the M3 and the 
mandibular canal, 3) narrowing of the mandibular canal, and 4) surgical removal of the 
bone distal to the M3. Those four risk factors were therefore included in a predictive 
model because they increase the risk of IAN damage.  
Sinus Communication 
 A prospective study was carried out by Rothamel et al in 2007 in order to 
determine the incidence of oral-sinus communications during extraction of maxillary 
third molars and to define the predictive factors associated with the appearance of oral-
sinus communications. Six-hundred-and-eighty-four patients with 1,057 maxillary third 
molars were treated under local anesthesia. The patients were between 11 and 83 years of 
age, with a mean age of 28 years. Of the 1,057 maxillary M3s, 370 were fully impacted, 
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222 were partially impacted, and 465 were fully erupted. Information about the type of 
impaction, the stage of root development evident on preoperative radiographs, and the 
patients’ age and sex was recorded in order to determine if any of those factors were 
related to the incidence of sinus perforation. One-hundred-and-thirty-four (13%) of the 
1,057 maxillary third molar extractions resulted in a communication between the oral 
cavity and the maxillary sinus. The incidence of a communication was correlated to the 
proximity of the M3 roots to the sinus cavity. Extraction of fully impacted, partially 
impacted, and fully erupted M3s resulted in an oral-sinus communication for 24% (88 of 
370), 10% (23 of 222), and 5% (23 of 465) respectively. The perforation rate was 
increased during two periods of tooth development: 1) when the M3 roots were less 
developed, with the tooth itself unerupted and in close proximity to the maxillary sinus, 
and 2) when the M3 roots were completely developed with the roots in close proximity to 
sinus. If one were to exclude patients under 18 years of age, who by virtue of incomplete 
development would have teeth closer to the sinus, then it can be seen that increasing age 
does play a role in developing sinus communications. Patients between 18 and 21 years 
of age were least likely to experience a sinus communication as the result of M3 surgery, 
with the incidence increasing up to and beyond 40 years of age (Table 2.) (Rothamel et 
al, 2007).  
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Table 2. Incidence of oral-sinus communications by age 
Age (years) Number (%) 
<18 14 (8) 
18-21 13 (7) 
22-25 36 (14) 
25-40 44 (15) 
40 or more 27 (20) 
Table adapted from Rothamel et al, 2007. 
 
 A study, by del Rey-Santamaria (2006), also investigated the incidence of oral-
sinus communications following maxillary third molar extraction and sought to define the 
preoperative factors associated with the appearance of oral-sinus communications. 
Information about patient age and sex, third molar angulation, and proximity of M3 to 
sinus were recorded preoperatively and the existence of an oral-sinus communication was 
recorded 7 days after surgery. Of the 389 maxillary third molars extracted during this 
study, 20 (5.1%) oral-sinus communications were identified. Close proximity of the M3 
roots to the sinus was associated with increased risk of an oral-sinus communication. The 
median patient age was 21 years, and the risk of oral-sinus communication did not differ 
significantly among the different age groups (del Rey-Santamaria, 2006).  
 These two studies showed both similar and dissimilar results. Both studies seemed 
to indicate that the incidence of postoperative sinus communication would be higher if 
the roots of the teeth are closer to the sinus. However, the implication of increased age as 
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a determining factor in developing sinus communications was supported by one study but 
not by the other. 
 
Costs of Prophylactic Surgery vs. Monitored Retention  
When deciding on a strategy to manage M3s, some patients may weigh the costs 
of treatment just as heavily, or more heavily, than the risks of the treatment options. 
Clinicians should review with their patient the costs associated with both retention and 
removal of group D (S-/D-) third molars, especially if cost is an important factor in the 
patient’s decision. 
For prophylactic removal of group D (S-/D-) M3s, total expenses would include: 
1) the cost of extraction, plus 2) the cost of managing complications multiplied by the 
probability of developing complications, plus 3) the cost of missing work adjusted for 
employment status (Dodson et al, 2012).  
For the retention of group D (S-/D-) M3s, total expenses would include: 1) the 
cost of extraction multiplied by the probability of extraction over a lifetime, plus 2) the 
cost of follow-up visits multiplied by the average number of follow-up visits until 
extraction or death, plus 3) the cost of missing work adjusted for a patient’s employment 
status multiplied by the probability of extraction over a lifetime, plus 4) the cost of 
managing complications of operative treatment (adjusted for age) multiplied by the 
probability of extraction over a life time (Dodson et al, 2012).  
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Koumaras (2012) outlined a simplified estimate comparing operative management 
with retention. Financial analyses of nonoperative management, operative management, 
and failure of nonoperative management were performed based on dental claims data 
extracted from Delta Dental of Virginia for services provided in the 2009 calendar year. 
The claims database for services included the cost of consultative visits, panoramic 
radiographs, surgical removal of impacted M3s, and anesthesia-related charges; but did 
not include the cost of local anesthesia. Information regarding the patient’s age at the 
time of surgery and lost wages were also not available, and therefore these analyses did 
not include any differential loss of income between an 18-year-old college student and a 
28-year-old employed patient. Estimates associated with an increased morbidity of M3 
removal in older patients were not included as part of the analyses either.  
The cost of nonoperative management was calculated assuming that the patient 
has 4 group D (S-/D-) M3s, which are monitored for 20 years (from age 18 to 38). 
Monitoring involves a clinical examination and radiographic imaging every two years. 
Thus, the total charges include the cost of the initial comprehensive exam and panoramic 
radiograph, followed by a limited exam every other year ($1,000), plus the cost of the ten 
additional radiographs ($1,342). Based on this model, the total cost of nonoperative 
management of group D (S-/D-) M3s is $2,342 (Koumaras, 2012). 
The cost of operative management was calculated assuming that a patient, 18 
years of age, has 2 group D (S-/D-) impacted M3s removed. The average charges for a 
partial and fully bony impaction were used to estimate the cost. Total charges included 
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the initial comprehensive consultation, a panoramic radiograph, 30 minutes of general 
anesthesia, and the cost of removing two group D (S-/D-) impacted M3s. Based on this 
model, the total cost of operative management is $1,184 (Koumaras, 2012). 
Koumaras (2012) also investigated how much the failure of nonoperative 
management would cost. This cost was calculated assuming that 1 impacted, previously 
group D (S-/D-), M3 was extracted after 10 years of monitoring in a now 28 year-old 
patient. The total charges included office visits and radiographic imaging every two years 
for ten years ($1,116) and the cost of surgery using 30 minutes of general anesthesia to 
extract 1 impacted M3 ($881). Based on this model, the total cost of the failure of 
nonoperative management is $1,999 for one M3 and $2,464 for two M3s (Koumaras, 
2012). 
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DISCUSSION 
The proper treatment of both symptomatic and asymptomatic impacted 
third molars is a decision many practitioners are faced with during the day-to-day 
practice of dentistry. Surgical extraction seems to be the consensus of opinion 
when treating symptomatic or diseased teeth. However, the treatment of impacted 
 third molars that have neither symptoms nor disease is more controversial. One 
school of thought is that these teeth should be extracted before they do become 
symptomatic and/or diseased. A second school of thought advocates retaining 
these teeth until such time that they show evidence of developing symptoms or 
disease. Both groups recognize that when surgical intervention is employed, 
complications such as pain, swelling, alveolar osteitis, periodontal problems, TMJ 
dysfunction, nerve involvement, sinus communication, and financial stress are not 
uncommon. 
Proponents of surgical extraction are of the belief that many asymptomatic 
and disease free impacted teeth eventually do become symptomatic and/or 
diseased, and do so when the patient is older. At that point in time, surgical 
extraction of these teeth becomes necessary and results in an increased morbidity 
and complication rate of consequences common to the procedure. They would 
prefer that their patients experience these problems at a younger age when the 
complications are less likely to be as severe or permanent. 
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Proponents of retaining and monitoring these teeth are of the opinion that 
the status of these asymptomatic and disease-free impacted teeth may never 
change and therefore never require surgical intervention. Furthermore, they are of 
the belief that surgical intervention will not necessarily produce increased 
morbidity and complication rates in all patients, even if they are older. They also 
believe that the increased complication rate and morbidity experienced by some of 
the older surgical patients do not justify the routine removal of all asymptomatic, 
disease-free impacted third molars at an early age.  
Proponents of each school of thought point to studies to support their 
therapeutic approach. It is not the intent of this paper to advocate one approach or 
the other; but rather to present the reasoning behind them, and the studies 
supporting them. Ultimately, the practitioner must use his/her academic 
knowledge, personal clinical experience, and input from an informed patient to 
decide the strategy for treatment of asymptomatic, disease-free impacted teeth. It 
is the opinion of this author that more studies must be done, especially with regard 
to surgically related TMJ consequences that occur with younger patients 
undergoing extraction of impacted teeth, and the influence that periodontally 
diseased third molars may have on systemic conditions. Hopefully, these 
additional studies will help evaluate risk/benefit ratios of each treatment strategy, 
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and further clarify uncertain answers as to how the best interests of the patient will 
be achieved when treating this controversial issue. 
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